Abstract. Long non-coding RNAs (lncRNAs) exert regulatory functions on various biological processes in cancer cells, including proliferation, apoptosis and mobility. Prostate cancer-associated transcript 1 (PCAT-1) is a novel lncRNA that promotes cell proliferation in prostate cancer, however, the effect of PCAT-1 in hepatocellular carcinoma (HCC) remains to be elucidated. The present study hypothesized that PCAT-1 also exerts an important effect in HCC. The current study investigated PCAT-1 expression levels in HCC tissue samples and HepG2 and Bel-7402 cell lines using the reverse transcription-quantitative polymerase chain reaction. The results demonstrated that PCAT-1 was upregulated in HCC tissue samples and cell lines compared with adjacent non-cancerous tissues and the L02 normal liver epithelial cell line. PCAT-1 suppression using PCAT-1 small hairpin RNA in HepG2 and Bel-7402 cells inhibited cell proliferation and migration, and induced apoptosis. Overexpression of PCAT-1 induced synthetic plasmid vectors was demonstrated to increase cell proliferation and migration, and inhibit apoptosis. Results from the present study suggest that PCAT-1 exerts an oncogenic effect in HCC and silencing PCAT-1 may be a potential novel therapeutic strategy for HCC.
Introduction
Hepatocellular carcinoma (HCC) is the predominant histologic subtype of primary liver cancer, accounting for 70-85% of cases in the majority of countries, and is a leading cause of cancer-associated mortality each year worldwide (1, 2) . Although a number of advances in surgical techniques and medical care have been achieved over the last two decades, long-term survival of HCC remains low due to the high rate of recurrence and metastasis (3, 4) . Furthermore, the majority of HCC patients present with advanced metastatic disease at the initial diagnosis. HCC develops via a complex process associated with multi-step genetic and epigenetic changes (5, 6) . Thus, it is key to develop novel approaches to aid early diagnosis, prognosis determination, and therapeutic strategies to treat HCC.
Non-coding RNAs (ncRNAs) are sub-divided into two major classes according to size, small ncRNAs are <200 nt in length and long ncRNAs are >200 nt in length (7) . In recent years, microRNAs have been identified as oncogenes or tumor suppressor genes due to the effects exerted on cancer cells via post-transcriptional regulation of protein expression (8) (9) (10) . By contrast, lncRNAs were previously hypothesized to be transcriptional noise. However, lncRNAs are key in important functions at numerous levels, including X chromosome inactivation, chromatin remodeling, and transcriptional repression (11) (12) (13) .
With the development of deep sequencing technologies, lncRNAs have increasingly been associated with various human diseases, particularly in types of cancer (14) (15) (16) . LncRNAs exert important regulatory effects in the programming of cellular functions and may be potential oncogenes or tumor suppressor RNAs (17) . Prostate cancer-associated ncRNA transcripts 1 (PCAT-1) is a long non-coding RNA that was originally identified as a biomarker for prostate cancer (18) . High expression levels of PCAT-1 were also observed to be involved in the progression of colorectal cancer (19) , and upregulation of PCAT-1 has also been reported to be associated with advanced clinical stage and poor prognosis in esophageal squamous carcinoma (20) . However, the role of PCAT-1 in HCC remains to be elucidated.
In the present study, PCAT-1 was demonstrated to be crucial in the regulation of proliferation, migration and apoptosis of HCC cells. To the best of our knowledge, this is the first study that directly illustrates the role of PCAT-1 in HCC. Thus, PCAT-1 may serve as a potential prognostic biomarker and therapeutic target in HCC. Cell transfection. The cells were cultured in a 6-well or 24-well plates for 24 h and then transfected with overexpression plasmid vectors or small hairpin (sh)RNAs. All transfections were performed using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. PCAT-1 shRNA and negative control shRNA were obtained from Shanghai GenePharma Co., Ltd. (Shanghai, China) with the sequence 5'-GAG AAA GCA UCU GUA CCC UUA CAA U-3'. The overexpression plasmid vector for PCAT-1, PCAT-1-pcDNA3.1 + vector, was supplied and synthesized by Invitrogen (Thermo Fisher Scientific, Inc.). The pcDNA3.1 + empty vector was used as a negative control.
Materials and methods

Patient
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from the tissue samples or the transfected cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. RNA was reverse transcribed using SuperScript First Strand cDNA system (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocols. The temperature protocol was as follows: 65˚C for 5 min, 4˚C for 1 min, 50˚C for 50 min and finally 85˚C for 5 min. Thirty-six cycles of qPCR were performed at 98˚C for 2 min, 98˚C for 10 sec, 60˚C for 30 sec, and 72˚C for 30 sec; the final stage was performed at 72˚C for 5 min. The primer sequences were as follows: Sense, 5'-AAT GGC ATG AAC CTG GGA GGC G-3' and antisense, 5'-GGC TTT GGG AAG TGC TTT GGA G-3' for PCAT-1; and sense, 5'-ACA TCA AGA AGG TGG TGA AGC AGG -3' and antisense, 5'-CGT CAA AGG TGG AGG AGT GGGT-3' for GAPDH (Invitrogen; Thermo Fisher Scientific, Inc.. qPCR was performed using the SYBR ® Premix Ex Taq™ Ⅱ PCR kit (Takara Bio, Inc., Otsu, Japan) according to the manufacturer's protocols on the ABI Prism ® 7000 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Data was collected and analyzed by SDS 2.3 software (Applied Biosystems; Thermo Fisher Scientific, Inc.). The expression level of PCAT-1 was normalized using the Cq of the housekeeping gene GAPDH. The relative quantitative value was expressed using the 2 -ΔΔCq method (21) . Each experiment was performed in triplicate and repeated three times.
Cell Counting assay. Cell proliferation was detected using the CCK-8 assay (Dojindo Molecular Technologies, Kumamoto, Japan), according to the manufacturer's protocols. Cells were seeded in 96-well plates and cultured in normal medium (DMEM + FBS) for 24 h prior to transfection with PCAT-1 shRNA or negative control shRNA and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector. At 0, 24, 48, and 72 h after transfection, the absorbance of each well at a wavelength of 450 nm was measured by a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All experiments were performed three times.
Cell migration assay. Following washing with phosphate-buffered saline (Sigma-Aldrich, St. Louis, MO, USA), HepG2 or Bel-7402 cells were detached with trypsin (Sigma-Aldrich), and resuspended in serum-free medium (DMEM). The cell suspensions (200 µl; 4x10 5 cells/ml) was added to the upper chamber with a non-coated membrane (EMD Millipore, Billerica, MA, USA) for the Transwell migration assays (Costar; Corning Life Sciences, Cambridge, MA, USA). Culture medium containing 10% FBS was added to the bottom wells of the chambers. Following incubation for 24 h, the cells were removed using cotton swabs, fixed with 100% methanol (Sigma-Aldrich) and stained with 0.2% Crystal Violet (Sigma-Aldrich). Images were acquired using a Leica DMI 6000B microscope (magnification, x100; Leica Microsystems Inc., Richmond Hill, ON, Canada).. The assays were repeated at least three times.
Caspase-3 ELISA assay. HepG2 and Bel-7402 cells were transfected with PCAT-1 shRNA or negative control shRNA, and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector. After 48 h transfection, apoptosis was determined by calculating the activity of caspase-3 using the Caspase-3 ELISA activity assay kit (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocols. Optical density (OD) values were measured by using a microplate reader (Model 550; Bio-Rad Laboratories, Inc.). Data were presented as the ratios between the OD values of PCAT-1 shRNA-transfected cells or those of PCAT-1-pcDNA3.1 + vector-transfected cells and their respective controls. All experiments were performed in triplicate.
Statistical analysis. Data are presented as the mean ± standard deviation. The difference in expression levels of PCAT-1 between HCC and matched healthy samples were analyzed using paired samples t-test. The differences between PCAT-1 shRNA or negative control shRNA-transfected cells and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector-transfected cells in the CCK-8 assay was analyzed using analysis of variance. The independent samples t-test was used to analyze other data. Statistical analyses were performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
PCAT-1 expression levels were increased in hepatocellular carcinoma tissues and cell lines compared with controls.
The relative expression level of PCAT-1 was determined using RT-qPCR in a total of 82 patient HCC samples. As presented in Fig. 1A , PCAT-1 was significantly upregulated in HCC tissue compared with matched normal tissue (P<0.05). The expression of PCAT-1 was also significantly increased in HepG2 and Bel-7402 cells compared with the L02 normal liver epithelial cell line (Fig. 1B; P<0.05) . These results indicated that PCAT-1 may exert an oncogenic effect in HCC. Each experiment was performed in triplicate and repeated three independent times.
Silencing and overexpression of PCAT-1 was effectively induced by use of shRNA and overexpression vectors in HCC cell lines.
HepG2 and Bel-7402 cells were cultured and transfected with PCAT-1 shRNA or negative control shRNA, and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector. At 48 h after transfection, the relative expression level of PCAT-1 was analyzed by qPCR. The results demonstrated that the relative expression level of PCAT-1 in HepG2 and Bel-7402 cells was significantly decreased by the PCAT-1 shRNA ( Fig. 2A; P<0 .05), while PCAT-1 was increased by the PCAT-1-pcDNA3.1+vector ( Fig. 2B; P<0 .05).
PCAT-1 increases proliferation in HCC cells.
The present study also aimed to determine whether PCAT-1 promoted cell proliferation in HCC. HepG2 and Bel-7402 cells were transfected with PCAT-1 shRNA or negative control shRNA, and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector. The cell proliferation of the HCC cells were determined by CCK-8 assay. Transfection of PCAT-1 shRNA resulted in cell growth arrest in the HCC cells ( Fig. 3A and B ; P<0.05), while transfection of PCAT-1-pcDNA3.1 + vector resulted in promoting cell proliferation ( Fig. 3C and D; P<0.05 ). These results demonstrated that PCAT-1 increases cell proliferation in HCC.
PCAT-1 exerts a positive effect on migration in HCC cells.
To investigate the potential role of PCAT-1 in HCC metastasis, the present study detected whether PCAT-1 regulated the capacity of HCC cells to migrate. The cell migration assay demonstrated that cell migration was significantly inhibited in the groups transfected with PCAT-1 shRNA compared with those in the negative control shRNA group ( Fig. 4A; P<0 .05). As presented in Fig. 4B , overexpression of PCAT-1 significantly promotes HCC cell migration (P<0.05). These data indicated that PCAT-1 has a positive effect on HCC cell migration.
Upregulation of PCAT-1 inhibited apoptosis in HCC cells.
The current study also aimed to determine whether PCAT-1 inhibited cell apoptosis in HCC. HepG2 and Bel-7402 HCC cells were transfected with PCAT-1 shRNA or negative control shRNA, and PCAT-1-pcDNA3.1 + vector or pcDNA3.1 + empty vector. After transfection for 48 h, the relative activity of caspase-3 was determined by ELISA assay. As presented in Fig. 5 , the relative activity of caspase-3 was significantly increased by the PCAT-1 shRNA (P<0.05), while the relative activity of caspase-3 was significantly decreased by the PCAT-1-pcDNA3.1 + vector (P<0.05). These results suggest the upregulation of PCAT-1 inhibited HCC apoptosis and suggests that PCAT-1 exerts an oncogenic effect in hepatocellular carcinoma.
Discussion
LncRNAs represent an emerging group in hepatocellular carcinoma, they may exert effects on tumor proliferation and migration, and apoptosis (22) (23) (24) . PCAT-1, a newly-identified lncRNA, is located in the chromosome 8q24 gene desert and contributes to cell proliferation in prostate cancer (18) . Previous research has demonstrated that PCAT-1 may suppress the breast cancer 2, early onset tumor suppressor gene and produce a functional deficiency in homologous recombination in sporadic cancers (25) . PCAT-1 promotes cell proliferation in prostate cancer via stabilization of the Myc proto-oncogene protein (26) . A recent study demonstrated that silencing PCAT-1 may induce cell growth arrest and apoptosis in human bladder cancer (27) .
The present study investigated the role of long non-coding RNA PCAT-1 in HCC. It was observed that the expression levels of PCAT-1 were upregulated in HCC tissue samples compared with matched normal tissue. Furthermore, PCAT-1 expression levels were also increased in the HepG2 and Bel-7402 HCC cell lines compared with the L02 normal liver PCAT-1-pcDNA3.1 + vector-transfected HCC cells. These results suggest that PCAT-1 has an oncogenic role in the progression and development of HCC.
In conclusion, PCAT-1 exerts an oncogenic effect in HCC. Further investigation is required to clarify the underlying molecular mechanisms of PCAT-1 as a candidate biomarker for HCC therapeutic strategies.
